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Model In the systems research

Effect:
) - New knowledge,
I\H/Iy%?(t:)r;lzs'zlgorithms e
e , : . -
- Projects > Review - I\N/Ieavr\]/alcgoenr?:)Ir;terr:,lIS’
- Management -Measurement and
- Control - diagnostic devices.
- Diagnosis
A
Identification
plant
Experiment Data
Goal:
- investigation, Y
- project, B
- management, | Modelr Comparison
- control,
- diagnosis,
Adaptation [
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Model In the systems research

A Conceptual models
A Physical models

A Analog models

A Mathematical models
A Computer models
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|dentification Task

Input Output

N Identification >
plant

— Identifier «—
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> w e

|dentification task

Determination of the identification plant
Determination of the class model
Experiment organization

Determination of the identification
algorithms

|dentifiers realization

HUMAN CAPITAL @ o
i HUMAN - BEST INVESTMENT! Wroclaw University of Technology TR
Project co-financed from the EU European Social Fund



Master programmes in English
at Wroctaw University of Technology

‘ Wroctaw University of Technology

pical identification tasks

IDENTIFICATION
PLANT

Known plant Unknown plant
characteristics characteristics
PLANT IN THE CHOICE

CLASS OF THE

OF MODELS BEST MODEL

/SN N

Exact measurements

Noised measurements Deterministic plant Random plant

Project co-financed from the EU European Social Fund

DETERMINATION PARAMETER CHOICE CHOICE
OF THE PLANT ESTIMATION OF THE OF THE
PARAMETERS OF THE PLANT BEST MODEL BEST MODEL
CHARACTERISTIC DETERMINISTIC PROBABILISTIC
PROBLEM PROBLEM
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Plant in the class of model Choice of the best model
E y=F(u,q,)
i, Obiekt Vo * ( * )_ .
t _ denyikaci [ - =min
L u, F(u,@) Y U = [U1 u, 3 uN]’ identyfikacji qN QN qN p QN (Q)
_ a; «
:n , Yy = [yl Y, 3 YN] 0. () aqy = Y N (U N ’YN )
: _ 7, ! _
:’1 yn - F(un1q)1 v (w.0) UN _[ul U, 3 Un ]’
i n=1 2,2 . N r=rl) ) Yy :[yl Y, 3 yN]
S (y=Fluo) N Optimalmodel for.
I Yy =F(Uy.9) ) A Givenmeasurementsequences
3:/ of SNz A Klassof models
=1 - N e : :
z qg=F (U N ,YN) =YN (U N ,YN) A Givenperformanceindex
n v N
o, z, Methods: vy ,
A Least square
y y " A Maximum y
— Flwbo) o )y 'E';ki"COSds 6a e
L chle
(0]
S . yw Gy =Yy (U N VW ) . i
0 v=Flu0,0), ui !
w FET f,(u) ‘
y .
T : < .V=_'"'("s5'sﬂ’}~ . \LF(u,q, W)
" e Full probabilistic knowledge Unknown probabilostic knowledge
Vo [ e o b0 ) ‘;,Vn”:::::ff ; A First type regrsesion A Performance index estimatin
i : i A'S dt i v t timation of th babilit
: n.;:,ijﬁS Svf\xl-m‘ L Wm:'aw Universiy n{%‘(ﬁnodr‘l)m ype regression  ree ;ral.g'luetls:l estimation o € propapility
v g U, Project qg-financed from the B European Social Fund A Probabilit ditribution estimatoin
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Determination of the plant
parameters(3)

Hﬁ, "
—> F(u,@) y—»
Measurements N
U,\,=[u1 u, 3 uN:,
YN:[yl y, 3 Yy \y—F(Mﬁ)
I
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Determination of the plant
parameters(4)

System okquations
Yn=F(Un,q9), n=1,22,N
can be written

v, v, 3 wl=[Flu.g) Flu.g) 3 Flu.g)

For df
[Flu.g) Fluz.9) 3 Fluy.g)=FUn.9)

we canrewrite givenset ofequations
YN = 'E(U N ’C/)

HUMAN CAPITAL , o ooy
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Choice of the best model
Deterministic problem

A Y.y

N N Identification Yn
Plant

Performance |

index
7 3
Model
Yn
MAN EUROPEAN
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Choice of the best model based or
the noise free measurements
A Problem formulation

Performance index: Q, (g HY - Yy C/)HU

where: ?N(Q):[F(UrQ) F(u2’C7) 3 F(UN’Q)]
QN(q):a_. anq(yn’yn):.a._. anq(yn’F(un’q)) €. g : QN(q):a ‘yn_ yn‘:é- ‘yn_ F(un’q)‘

Q. (9)=max{a(y,.v,)} =max{a(y,.F (u,.9))} e.g.:Qu(g)=maxy,- v,}=mafy,- Flu,.q)}

1¢ncN 1¢ ¢N 1¢nctN 1¢n¢N
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Choice of the best model based or
the noise free measurements
A Problem formulation

Optimal model: ¥ =F (u,g) g - Qulgi)=minQ,(9)
4, | identification| Y . .
plant | The model is optimébr:
o.0) 2. A given measurement sequence
A proposed model

(u,6) A performance index

HUMAN CAPITAL , o moren
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Neuron modekimplification

j/ u(o):‘]

1) 0
u 91 0
e

0
y
¢ (x) >

(S). . _ T
! 0 =g %3 g/ W) =[1 u¥3 u]

. é-? (S) 6_ T -
y=ragq qgu +q,0= f(q / (U)) U c activation function

Cs=1 -
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Plant parameter estimation
problem

Immeasurable Measuremen
random | , noise| .
n A
parameter
4, | Identification| Y. | Measuremen| W.
input plant output system Result of
measurement
Estimation
algorithm

Parameter l 0
. N
estimate
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Noised measurements of the

physical values
A Problem formulation .

- 6 v,
Measurement noise: ——  1(0,2)

Z ¢ value of random variablez ~ from the spate

fz(z) ¢ probability density function

g ¢ observed vector of parameters, value of random varialgle qi QI RF

f, (q) G probability density function

Measurements: VN:[V1 v, 3 VN]

HUMAN CAPITAL @ oy
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Noised measurements of the
physical values

General form of estimation algorithm:

an :YN(VN)

A Solution:

I Least square method
I Maximum likelihood method
I Bayesan method
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Plant parameter estimation
problem

A Deterministic plant, noised measurements of the plant output

-

S ) S AT () R SN
where:
Uy=[u, u, 3 uy]
o Uy ) | _
WN_[WL Wz 3 WN]
lgw Y, ¢ estimationalgorithm

g, ¢Cestimateof g
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Plant parameter estimation
problem

A Immeasurable random plant parameter

lwn

— F(u,@,a)) >

where:
Uy=[u u, 3 uy
Yo=lv ¥ 3 Wl

l O Y, ¢Gestimationalgorithm
g, ¢Cestimateof g
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—
\

yn """""""""""

(u.,y ), n=122 N

arevaluesof random
variablesE, y
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Choice of the best model,
probabilistic case

Two possible cases

/\

Cdzf £ | QLINA2NRA {1y 26t SR 3 Incomplete probabilistic information

- joint probability density function

f (u, y) of random variabledu, joint probability density function
(u.y) fu.y) of random variables (u, y)
or exist, but is not known. —
- conditional probability density Measurements:
function fy(Y‘U) (un, yn), n=122,N
andmrginalprobability density function are values 0(9’ X)

f, ()

are known
MQN EUROPEAN
i et .5 Wrodlaw Universiy of Technology e

-financed from the EU European Social Fund
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Cdzt t I QLINRA 2 NA

A Regression of the | type’

y=F () =Elyju=ul= fiy  (yu)ay
J Y ?h’u—u'l
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Cdzt t I QLINRA 2 NA

A Regression of the type

aty.y) =[y- v['[ly- 9]

Qlg)= ffly- Fu.g)] ly- Flu.g)?

uy pa

3 f(u,y)dydu
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Cdzt t I QLINRA 2 NA

Qla)= firfy- F" (W) f (. y)dydu+ f{F " (u)- F (u.g)f f,(u)du

U

g - minQ(g)=min {F"(u)- F (u.g)f f,(u)du

VAR

the ltype regression weightfunction

The lltype regressionis the bestapproximationof the |type regression

HUMAN CAPITAL (3 e
i HUMAN — BEST INVESTMENT! w Wroclaw University of Technology o daiacd
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Unknowna Priori Knowledge
Empirical Estimationf the Performance Index

Empirical Estimatiorof the Performance Index

Empirical Probability Density Functions
Unknown parameters of the probability density functions

Empirical Probability Density Functions
Non parametria; Parzenestimation
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i HUMAN - BEST INVESTMENT! Wroclaw University of Technology e
Project co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

(1) (2)
(1) (1) Yi U; (2) (1)
X U, q Ol _: 03 Y3 V >
yl(2) u gZ) v N
u yi
x(2) O v
g — >
U; Y

Exampleof complexsystem
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Complexsystemadentification
problems

A Identificationwith restrictedmeasurements
posibilities

A Localand globalidentification

A Multistageidentification

A Complekf operationsystems

HUMAN CAPITAL @ o
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ldentification of complex systems with
restricted measurement possibilities

The following examples show the problem.

<

X U Yi=U;, Y,
— T Ol > 02 >

Cascadestructure otwo elements

For the above case tegstem descriptiohas the form:
eulz el Oﬂeylﬂ elz eX g
8) 1ueYz3 8)u _SyZH

ey, o

v=0 1
[ ]gyzﬂ V2

HUMAN CAPITAL e
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Choice of the best model of
complex system

A Locally optimal model of complex system

%, > ys
> Fl(ul’ql) Qv (92) F (U5 G5) = Qan (7:) —
" A A { y
u® yl(l) ugl) > y;(gl)
L > |,
(- ()l> °. ]
2
Y us R
(2) ugl) o ygl)
uZ . 02 »
. ys) "
U
y2 A 4 A 4
—> >
q Fz(uz,%) N Qm(Qz)‘—>
- @
Y>
i HUMAN CAPITAL oo Uty of i e

-financed from the EU Euroy
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Choice of the best model of
complex system

A Glokally optimal model of complex system

‘ \ Wroctaw University of Technology

e e v uf) o | o
» O O, >
o el /@ .
) J )
u
NG ’ y2 Vo
o O -
(2)
Uz ygz) y v
Qn (‘7 ) —
— A 4 4
u? 7 u) @ | go
> Fl(ul’ql) F3(U3,(73) >
O e R
ug) Y )
» F 2 (u2 1 qZ) v »
uy? s
y=F (x, q)
i HUM_AN CAPITAL o

Wroctaw University of Technology
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¢cg2 aial3IS ARSYI
applications

U First stage y
identification plant
A
G
Uy Second stage
identification plant
T q2
Qv-1
f
u
M _ I\/_I-_th stage
identification plant
i H,EMM_A“LNS, .S“ASVPMIJ:]AL Wroclaw University of Technology mg)ﬁ‘;g

-financed from the EU European Social Fund
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aul3S ARSYI

¢ g2

Qinyn,

identification
| agorithm on the |«
1-st stage

identification ynln2
»  plant onthe
1-st stage

A

1,

\

u2 n, identification qz n
»  plant onthe
2-nd stage

identification
| algorithm on the |«
2-nd stage

Gn,

Twostageidentification

i HUMAN CAPITAL
HUMAN — BEST INVESTMENT!

applications

u2n2

.

identification
agorithm on the

Master programmes in English
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A Spacedecomposition
A Timedecomposition

2-nd stage

ulrhnz

Y ¢

identification C71n2 identification identification qlNlnz
plant on the | » plant onthe algorithm on the >
2-nd stage 1-st stage 1-st stage
f measurement system
/ w
Y,
nyn.
v
SCOAL FUND

Wroclaw University of Technology

roject co-financed
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ldentificationof complex of
operations

T.=F (u.,a ) m=122 M, T=H(T,T,2.T,)
H ¢ function determiningthe total runtime of complexof operation

F.F,,2 ,F, ¢ knownfunctions
a,,8,,2 ,8, ¢unknownparameters

HUMAN CAPITAL @ oo
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Decisionvariables X= Objectivefunction: y=F(X)

Set offeasibledecisionsicommonlydefinedby variablesdomainand constraintg:
xl D,
Optimizationtask X - F(X)=minF(x), X ¢ optimaldecision
X | Dy

min F(x) =- max{- F(X))

HUMAN CAPITAL [ e
i HUMAN — BEST INVESTMENT! w Wroclaw University of Technology o daiacd
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General classification of
optimization tasks

x4

Unconstrainedptimization D, =R °

Optimizationunder equality constraints
D, :{xl' R®:/,(X)=0/,(xX=02 ,/ (X)=0,L¢ S}

X(Z)A
Optimizationunderinequalityconstraints

D, ={xI RS:,(x)¢0y,()¢0,2 y, (x¢0}

HUMAN CAPITAL @ , o
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Analytical methods

A Unconstrained optimization

A Lagrange multipliers methodequality
constraints

A KuhnTucker conditiong inequality
constraints

HUMAN CAPITAL @ oy
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Unconstrained optimization

Optimizationtask X - F(X ) =minF(X)

X | Dy
Assumption:F(X) is continuous and differentiable.
Necessary condition fok to be local minima: B F(X ) =0

If F(X) is convex function, then above equation is sufficient conditmn X to be

global minima. F4

V><

HUMAN CAPITAL [ e
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Optimization under equality
constraints

Optimizationtask X - F(X ) =minF(X)
X | Dy
D, ={xI R%:/,(0=0/,(0=02 ; (X)=0, L¢S}

x4

@
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Optimization under equality
constraints

A The method of Lagrange multipliers

Lagrange function: e/, o &,(X) o
] € u & (xVu

— - - — T, / :e 2U 1 :d 2 u
L(x,/) F(X)+Ia:.l/L/|(X) F(X)+/7 (X & 41 J (%) & 4 1
é u é. U

&0 g L (X

Necessary conditions of optimality:
DXL(X,/)‘X* - =0g
B,L(x/), =0 Ifandonlyif  rankG(x)=rank[G(x) 4 - B,F(x)],

Where G(X)=[D/.(x) 4 Dj,(X) 43 4 D/ (X

EUROPEAN

HUMAN CAPITAL 7] -
i HUMAN - BEST INVESTMENT! Wroclaw University of Technology e
Project co-financed from the EU European Social Fund
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Optimization undernequality
constraints
Optimizationtask X - F(X)= E‘ﬁ"['? F(X)

D, :{xl' Ry, (X)¢0y,(X)¢0,2 .y, (X ¢O}

@),
Xt y.(¥eo
/ V() ¢0
X)¢O0
ME

HUMAN CAPITAL @ oo
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Optimization under inequality constraints

Lagrange function: KuhnTucker conditions M é,/?Z o
N e __u

Lx,M=F(X)+my(x) U LXmM=FX)+a my .(X) =6
m=1 e 4 u

e u

&M

Necessary conditions of optimality:

B,L(x M|, ;=0
ML, ;=0
DL, ; €0,

ea, o eb, o

7 L3 7 L 32
é, U é, U m 2 0, .

2=€20 po ébzg If solution is regular
eau ¢4u

e u e, u v/ n
ﬁln}mg@m [E1..... oo oirccmonn s
Project co-finan E ean Social F

-financed from the EU European Social Fund
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ng Tuc erro”s

w,

Optimization under mequa Ity constrainks

ularlty Condltlons
1. Karlin constralntsy ,yM - linear
2. Slater constraints )/, ( ) ,y,v,( ) - convex functions and feasible set is

not empty
3.Fiacca; Mac Cormica in the optimal point gradients of all active constraints are linear

independent, i.e.: . .
ml |(X ) DXJ/m(X XX:X* are linear independent

4.zangwil D (X )=D(X)

5. Kuhna ¢ dzO {: ®mexzh directiond ! D (X) there exists regular curve startin
the point x° tangent to that direction

ﬂ,, j(g)fif) $ely), Ji [o,1]e(J):292(J)
1 &v)i b, " Jilo1]
de(J)‘J o=t @

g e i
Project co-financed from the EU European Social Fund
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Saddle point

Saddlepoint (x* , m)

/(x'm) \ X

(x m)¢ L(x m) "xI D(X)I R®

( n‘)(t L(x m) " n” 0,
g com (Xl— in maxL( 7

) Oy
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Numerical optimization methods

£ @

6§ © "qes)

{.-’ li\kamlﬂ / s
N
S L N_‘_,,_,-r"" ol

MK Wroclaw University of Technology

-financed from the EU Eur

@D

vV

| ETOw

N

Analytical methods has drawbacks,
when:

1.

2.

TEAL T ADT AOdad cbnstraints

« b are nonlinear.

FunctionsQe and[ are non
differentiable

Mathematical formula describing
functionsQe and[ is not available,
Al Oly 2yiteée 0SS ayvY:
Large dimension of decision variables
vector

EUROPEAN

pean Social Fund
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Numerical optimization methods

@
Ty Algorithm

/ s “‘N o w(e )
yavd AE))

!,/ | ("f ["kaf,,// ) A Choice of the search

( I / direction.

| | ‘H-w—wf"/ A Line search optimization.

\I—;‘él ) A Stopping conditions.
h““wﬁ,____ _J_._HF""/

d?.
dy x @M

o) dw) 8 dw) 8 dw) O

HUMAN CAPITAL @ oo
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x2)
Xo
S A Basis of search directios
T ’H'“':\ non-gradient methods.
Y% ) ) .
/ (_{’E_,f / f; | A Search directions based on
f’/ / "L\R / / r,-f gradient vectorg gradient
: - - / ” based methods.
[ N2
'- -
\ o
Xo X1
&h"'-—u__.___________.—FW""f/
dy

dy @D

EUROPEAN

HUMAN CAPITAL ) A
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Line search optimization

® ¢ initial solution
@ ¢ next solution
‘Q¢ search direction
T ¢ step size
Fogqwm TOQ [ ELo t10Q
o Q¢ fixed
Ow T Qi Qf

*D "Qt ¢a single variable function
(of the step sizd)

o gty 1 ERt
line search optimizatiok optimization of a single variable function
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Reducing the interval of uncertainty

Assumptiont* v ¢
f(t)
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Splitting the section Into two parts

@ e
f(r) f(t)

f(ay)

:mlt———————————————____
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Dichotomous search method

f(t)
Input data:cd hoo i A
f(by) Step O: € Tt
i Stepl | -0 W)
' o 5
; ] g(oo w) I
i Step2 If@ ) @ )then
| W h ohw ht |
i otherwise
L o R B R
b»T  Step 3: fico ® | -then
¢h ¢ p,goto1,
| otherwise
i e () @ ) (STOP)
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The golden section method

f(z) Input data:®d o ki +—
Step0: & T .
0 TG D)

[ W [ W

f(by) v o
Stepl: If |[w | Rthen

6 -(&d ®)(STOP)
otherwisego to 2

/

-—— — — — —

|
I
I
|
|
I
|
I
|
|
I
I
I
I
I
.

f(By Step 2: If'@ ) QZ[ ) then
fII(ﬁn) ! W h mm hT , _
A - f hi1 h  hi 1T & o
I1n+1 IE3‘r¢+1 3n+1 r:l-l eEh ¢ P, go tol
Unt1 ni1 Brey bros otherwise
T p T @ h| hw ho, )
v : . htht h| T & |
T ™eYo e ¢h ¢ p,gotol
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Quadraticfit line search method

' 9 b b O
@ AW
T "Qw
n Tt ¢quadraticfit function
t* - minimum of the functiom t

f(a)

=~
]

=
\_--"

=-Ty---——————————

|
|
. |
e (1 S - —
o | () d OO ® O OO O
| | | 3 -~
Pl | O T O T O
bt c T 500 o
# Q"de)(cb w) Tw 0w) QW w

¢ YW © MW@ & Q6
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Line search using derivatives

tooot 1) 1 "

io Eri [ I Ho

e.g|f T - (STOP)

T A

-l- -'- |" "Q(T) Th-1 Tn  Tn+1 T
£t orat) ot o) o) ~
T T rt) E Ot 1 QM) rQ(t) E 1 Q)

T fl s 1 7QT)s rret )l T A@Q(t ) T

It 1 I H
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Line search using sign of derivatives

T T 7 1 QT )]
FQCt ) M)zt Q@XT ) T i QUL |, where] [ 1"QT )
T Tt

io Bl m because‘lo ElQ(T )] T[Fﬂo Efi o

i Ho io Efi io Erl 'Q(t )| m
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Bolzano method
[ QW | Q6

~ c LR ~
w how
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b $ ¢ (i mettod

f(@)

f(z)

q(7)

+
ot )

T T Q1)

| T T] - (STOP)

|
|
|
|
|
|
|
|
|
+

'I'-'U T* T

@ @) (1)) g(’r tyQt) m it t
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Method of Hookeand Jeveesvith
discretesteps

x@ x@
ey EEN —
) s B\
/ S g (/;';) Is 3} % , ( | x
S '{- i /
/ /rz bl e
f' { 3 I\h__,__,_,,__...-f /z2 )/ xD= zl f./ I
BN 7 | N
ot — d__.._._——*—"/; \ .. —
d, d,
d .
: t ¢ stepsize x@ d x@
| p exploratorystepsize
[ N T1ip acceleratiorfactor
Th
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Method of Rosenbrockvith discrete
@) StepS

| T = T ¢ stepsize
f,f"’“ \ | p ¢ exploratorystepsize
/ Xs | '5 acceleration
) .'!. ,I

/| [ N phr gacceleration
/ // factor

| | t h 1
T h Ty
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Method of Hookeand Jeevesising line
@) searches

d] x{:1)
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Method of Rosenbrockising line
searches
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